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Since its clinical inception in 1967, heart transplanta- 
tion has benefited thousands of patients with heart 
failure. The surgical technique has remained un- 
changed until recently when many groups have adopted 
the bi-caval approach to orthotopic cardiac transplan- 
tation. The key technical aspects for successful ortho- 
topic heart transplantation were described in 1960 by 
Lower and Shumway.] Changes in the field of cardiac 
transplantation have been many in the past 30 plus 
years, including improved rejection monitoring with 
endomyocardial biopsy, improved immunosuppression 
with cyclosporin-based regimens, the application of 
mechanical support devices to end-stage heart failure 
patients awaiting transplant, and the advent of heart- 
lung, and later, lung-only transplant procedures. De- 
spite this vast array of changes and others, the surgical 
details of successful orthotopic cardiac transplantation 
have changed little over this period of time.'-' These 
techniques will be described. 
Donor Procurement 
Current logistics of thoracic organ transplantation 
dictate that in many eases, if not most, harvest of lungs 
for transplantation is occurring simultaneously with 
heart retrieval. This necessitates certain critical techni- 
cal modifications to ensure that all recipients receive 
adequate tissue to allow for successful transplantation. 
Depicted in 1 in Surgical Technique is the standard 
technique of cardiac retrieval in a donor from whom 
lungs are not being removed for transplantation. 
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SURGICAL TECHNIQUE 
1 In the situation where only the heart is being retrieved for transplantation, the entire 
donor left atrium can be excised with the donor heart. The pulmonary veins are individually 
transectecl at the pericardial reflection and a cuff of left atrium is created by connecting 
incisions in these transected pulmonary veins. In this situation, much of the posterior wall of 
the left atrium needs to be removed to prevent redundancy in the anastomosis.6 
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2 The advent of lung transplantation has demonstrated that virtually all of the posterior wall of 
the donor left atrium can be left with the lung block. The left atrial cuff remaining with the heart is 
uniformly sufficient for adequate anastomosis to the recipient left atrium at the time of heart 
implantation. I t  is virtually impossible to short change the cardiac procurement in terms of leaving 
too much left atrium attached to the pulmonary veins. The converse, however, is all too often the 
case. The heart retrieval surgeon, apprehensive of returning with too little left-atrial tissue, short 
changes the lung grafts. This is particularly a concern with respect to the right lung graft. Careful 
coordination between cardiac and pulmonary retrieval teams can prevent these problems and 
assure uniform adequate left atrial cuffs for both heart and lung recipients. A critical maneuver is 
development of the interatrial groove of Sondergaard. With scissor dissection, this groove can be 
developed for at least 1 .O to 1.5 cm with medial reflection of the right atrium. 
3 Next, the heart is reflected cephalad and to the right, exposing 
the entry of the left inferior pulmonary vein into the pericardium. 
Incision is made in the left atrium, midway between the coronary 
sinus and the origin of the inferior pulmonary vein from the left 
atrium. 
4 (A) With careful observation from within and without the left atrium, this incision is 
carried to the right where it joins the interatrial groove at  the depth of the previous 
dissection. This incision is also extencled cephalad to the base of the left atrial appendage, 
taking care to leave adequate atrial tissue attached to the left pulmonary veins to ensure a 
satisfactory cuff for lung transplantation. The incision is then carried around the superior 
portion of the left atrium, joining on the right the incised interatrial groove and completing cardiac 
removal. (€5) This is the appearance of the remaining left atrium after removal of the heart. 
Adecpte cuffs of left atrium are attached to both right and left pulmonary veins. The dotteci h e  
shows the line of division of the posterior left atrial wall for separation of the lung grafts. 
5 
hefore implantation. 
The heart is shown from the front (A) and from the hack (B) 
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6 Preparation of recipient. Through a mid-line sternotomy, the diseased heart is 
exposed. Cannulation for bypass is accomplished with a straight aortic cannula, high in 
the ascending aorta. Venous cannulation is via a right angle or straight cannula directly 
into the superior vena cava or through the posterior right atrium into the superior vena 
cava. Inferior vena cava cannulation is accomplished through the posterior right 
atrium. Caval tourniquets are positioned to effect total cardiopulmonary bypass. 
7 The ascending aorta is cross-clamped just proximal to the aortic cannula and excision of the 
diseased heart proceeds. Incision is made in the right atrial appendage. This incision is extended 
inferiorly, anterior to the inferior vena cava cannula. It is also extended posteriorly toward the 
aorta root. The left atrium is entered through the superior limb of the fossa ovalis. Aorta and 
pulmonary artery are transected just above the respective semilunar valves. The interatrial 
septum is divided down to the level of the coronary sinus. 
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8 The coronary sinus demarcates the atrioventricular sul- 
cus. The scissor is placed in the coronary sinus and the 
diseased heart removed in the line of the AV groove. The atrial 
appendage is also removed. Here is depicted the appearance of 
the recipient mediastinum after excision of the diseased recipi- 
ent heart. Cuffs of left and right atrium, aorta, and pulmonary 
artery have been created. In the patient who has had previous 
cardiac surgery performed, safe institution of cardiopulmo- 
nary bypass is essential. Particularly treacherous can be 
individuals with previous coronary artery bypass grafting and 
patent bypass grafts with ongoing ischemia. In certain situa- 
tions, recipient instability during anesthetic induction or 
mediastinal dissection may dictate femoral cannulation for the 
institution of cardiopulmonary bypass. 
9 Implantation of donor heart. The implant procedure begins with anastomosis 
of donor and recipient left atria. Using a 3-0 monofilament suture, anastomosis is 
begun at  the level of the left atrial appendage. Continnous suture technique is 
employed with care taken to appropriately align the interatrial septum. An easy 
maneuver, and one that may prolong the period of safe myocardial ischemia, is the 
insertion of a retrograde coronary sinus catheter for the administration of 
retrograde cold blood cardioplegia. This has become routine in our practice. 
10 Right atrial anastomosis between donor and recipient is initiated next. 
Incision is made in the donor right atrium, beginning at  the inferior vena caval 
orifice and extending toward the atrial appendage. Special care must be 
exercised to avoid the area of the sinus node. This incision is sized to 
approximate the cuff of recipient right atrium to which it is to be connected. 4-0 
monofilament suture is employed to join donor and recipient right atrium. The 
anastomosis is begun at the midpoint of the interatrial septum and carried 
cephalad and caudad in such a manner a5 to accurately align the interatrial 
septum. Only the inferior aspect of the septa1 anastomosis, that portion near the 
coronary sinus, need be completed at this time. Torrential coronary .sinus flow 
after removal of the cro$$ clamp renders this portion of the anastomosis 
problematic if performed at a later time. However, the suprrior ant1 lateral right 
atrial walls can easily be anastornosed after cros5 clamp reinoval while 
rewarming and reperfusion are being accomplished. 
11 The next structures to be anastomosed between recipient and donor are the aorta and pulmonary 
artery. Depending on the elapsed ischemic time and the associated urgency of reestablishing perfusion, the 
order of the anastomosis of these vessels can he appropriately determined. The general principle to he followed 
is that the aorta should he left long and the pulmonary artery should be trimmed short. If the pulmonary artery 
is left too long, dynamic kinking can occur with re-establishment of cardiac action and vigorous right 
ventricular contraction. Conversely, the aorta should be left comfortably long so that there is no tension on the 
anastomosis and the aorta can he easily manipulated to allow careful inspection of the left atrial, posterior 
aortic, and posterior pulmonary artery suture lines. Here the aortic anastomosis is being accomplished. Donor 
and recipient aortas have been trimmed to a comfortable length to allow a tension-free anastomosis. As shown in 
the inset, this anastomosis is performed in two layers, using 4-0 polypropylene suture. Two horizontal mattress 
sutures are placed directly adjacent to one another posteriorly. Using a horizontal mattress suture placed 
within 1 to 2 mm of the aortic edge and 2 to 3 mm apart, the first layer is completed. This creates an everted 
anastomosis with two lips of aorta approximated. These lips are then joined with a running over and over suture 
to reinforce the first layer and complete the anastomosis. This two-layer closure has proven extremely effective 
for all types of aortic anastomoses, aortotomy closure, homograft insertion, and others. This method allows for 
the anastomosis of donor and recipient aortas of quite different size without requiring other tailoring 
maneuvers. Furthermore, it is a very hemostatic anastomosis. 
’ Pressure applied 
to right coronary artery 
12 Once the aortic anastomosis has been accomplished, the patient is 
given a retrograde warm blood “hot shot” (magnesium chloride 1 g; 
lidocaine 200 mg; mannitol 12.5 g; sodium bicarbonate 20 milliequivalents 
in 50 mL of saline, mixed 1:4 warm blood). An air vent site is created in the 
most anterior portion of the ascending aorta; the patient is placed in the 
Trendelenburg position. With digital pressure on the right coronary 
artery, the pump flow is turned off and the cross clamp is gently released, 
restoring perfusion to the donor heart. The air vent needle can be placed 
in the ascending aorta and connected to cardiotomy suction to allow air to 
escape from the left heart. 
\ 
\ 
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13 With the heart reperfusing and rewarming underway, donor and 
recipient pulmonary arteries are joined end to end. These structures should be 
trimmed so that there is no excess o r  redundant tissue. Running 4-0 polypropyl- 
ene suture in a single layer is employed for this anastomosis. The suture begins 
in the midportion of the posterior wall and extends laterally in either direction 
to the corners. This assures proper alignment of the pulmonary artery. The 
anterior half of the anastomosis is then completed and the suture is tied down. 
The heart has generally resumed a spontaneous rhythm by this point. The 
coronary sinus catheter can be removed from the right atrium and the right 
atrial anastomosis completed. This is the final step in the implantation of the 
donor heart. All sutures lines are carefully checked for hemostasis with the 
heart decompressed on cardiopulmonary bypass. The air vent site in the 
ascending aorta is left open while ventilation is initiated, and maneuvers are 
performed to remove air from the left heart. These include gentle massage of the 
heart during mechanical ventilation, aspiration of the roof of the left atrium 
with an 18-gauge needle, and turning the pump flow down to allow the heart to 
begin to ejert. When the patient has returned to normothermia and at least 30 
minutes of reperfusion has occurred, isoproterenol infusion is initiated and the 
patient is weaned from cardiopulmonary bypass. Because the recipient pericar- 
dium is frequently quite dilated due to the underlying disease necessitating 
transplantation, it is generally advisable to drain the pericardium with one 
catheter posterior to the heart in a dependent position and another anterior to 
the heart. In some cases, the pericardium can be closed loosely over the right 
ventricle with two or three interrupted sutures. 
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14 
cannulation sites are visible. 
The implanted heart is shown. Suture lines and 
Comiiients 
The technique herein depicted, though initially de- 
wrilied nearly 40 years ago, has served thousands of 
lieart transplant recipients very well. This straightfor- 
ward, simple technique can be readily taught to trainees 
i t 1  cardiac surgery. All techniques are those that are 
used routinely by any cardiac surgeon. As in all surgical 
procedures, careful attention to the details of the 
procedure, meticulous hemostasis, and expeditious sur- 
gery will prove very beneficial. Though many patients 
come to cardiac transplantation now having undergone 
one or  more previous cardiac procedures, the prin- 
ciples of the operation remain the same. Once safe 
cardiopulmonary bypass is established, the diseased 
organ can be removed with impunity. Once the heart is 
removed, the same four anastomoses remain to be 
accomplished. The order of anastomosis can be altered, 
depending on the distance the donor heart has to travel 
and the elapsed ischemic time. It is obviously beneficial 
to limit ischemic time, especially in individuals who 
have elevated pulmonary vascular resistance. The tech- 
nique of administering retrograde cardioplegia to the 
donor heart during implantation affords a margin of 
safety and decreases the urgency slightly with respect to 
restoring perfusion to the donor organ. 
Conclusion 
The technique of orthotopic cardiac transplantation, 
initially described nearly 40 years ago by Lower and 
Shumway, has proven very durable and reproducible in 
the hands of surgeons throughout the world. Its basic 
simplicity and elegance of conception has allowed a 
degree of consistency to be achieved in the performance 
of cardiac transplantation that has been very critical to 
the successful development of the field. There are many 
other problems that have existed and still exist in the 
field of cardiac transplantation. Among these are appro- 
priate recipient selection, selection of appropriate do- 
nors, management of immunosLii,pression, diagnosis 
and treatment of rejection episodes, and diagnosis and 
treatment of infectious episodes. Last, but certainly not 
least, is the graft vasculopathy that is the varrliac 
hallmark of chronic rejection. The constancy and 
reliability of the surgical technique herein described 
has, in large measure, made possible the great strides 
that have occurred in the field of cardiac transplanta- 
tion. 
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